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SELF-ADJUSTING HEEL JOINT
CONNECTOR AND METHOD OF SECURING
A HEEL JOINT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a connector for making a
structural connection between a plurality of structural mem-
bers joined at an angle. Specifically, the present invention
relates to a seli-adjusting heel joint connector for securing a
roof rafter, ceiling joists/ties, and supporting walls, without
the need for a conventional birdsmouth cut. The connector
includes a rotatable coupling to allow for adjustment to a
precise preset rool pitch for transferring vertical load
through the connector directly to the top of the supporting
wall plate and has the capability of transferring raiter thrust
force to the joist/tic member. The framing member of the
connector may further act as a guide for proper fastener
placement to transfer rafter thrust force to the joist/tie
member. The framing member also provides lateral restraint
in each direction and restrains wind upliit. The design of the
present invention forms a stable unit which provides greater

lateral structural stability, while saving construction time
and costs.

2. Description of Related Art

Light frame building construction 1s the predominant
method of construction in the residential and light commer-
cial construction market. In light frame construction, a
birdsmouth joint or cut 1s a woodworking joint that 1s
generally used to connect a roof rafter to the top plate of a
supporting wall. It 1s an indentation cut into the rafter which
consists of a “seat cut” (the face of which rests on the top
plate) and a “heel cut” or “plumb cut” (the face of which lies
parallel to the supporting wall), forming a shape resembling,
a bird’s mouth. The indentation should not extend unsup-
ported on the interior in order to maintain the structural
integrity of the rafter because the unsupported section can
split along the grain of the wood. Saw blade overrun at the
birdsmouth cut can also cause damage to the rafter. The
depth of a rafter cut varies according to the desired roof
pitch.

The “heel” joimnt 1s generally fastened with nails by
toe-nailing the rafter and joist from the side into the top plate
below. Toe-nailing of the rafter and joist to the wall plate
often also leads to splitting of the rafter.

Many different connectors are used in the art for joiming
structural members for building construction, and these
different connectors are designed to secure rafters to the
adjoining wall of a building structure, often at a unique angle
of attachment. The connectors are typically provided with
through-holes for fasteners to be driven through the con-
nector and into the side faces of the structural members
being connected. In addition, other connectors for securing
a rafter to a supporting wall must be designed for withstand-
ing upward and lateral loads developed by high winds,
which can differ by geographic location, and may include
hurricane forces.

The prior art has provided numerous configured connec-
tors to secure structural members to one another, particularly
in the area of rafter-joist-wall attachments; however, each
has various disadvantages which impede the connector’s
cllectiveness.
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For example, U.S. Pat. No. 2,354,801 issued to De Huft
on Aug. 1, 1944, entitled “RAFTER SEAT”, discloses a

rafter seat comprising a sheet ol metal bent to form a pair of
horizontally disposed spaced base plate portions for seating
on the upper face of a plate structure or the like; a rafter seat
portion forming a joist supporting flat surface inclined with
relation to said base plate portions; and a pair of vertically
extending intermediate wall portions connecting said seat
portion to the respective plate portions.

De Huil’s connector must be 1n place at the heel joint
prior to placing the rafter, and therefore cannot adjust to
accommodate a preset roof pitch. Further, the sloping sur-
face 1s an integral part of the connector and a separate
connector would have to be made for each different roof
pitch. The connector also does not allow for direct full
surface contact between the bottom of the rafter and the top
of the supporting wall plate. There appears to be no provi-
sion for transferring rafter thrust force directly to the adja-

cent joist/tie to complete the structural system.
In U.S. Pat. No. 2,477,163 1ssued to Barnett on Jul. 26,

1949, entitled “TRUSS SHOE”, a truss shoe for use with a
joi1st and a rafter having an end face and a bottom face
resting on said joist comprising a pair of parallel, spaced
apart, elongated side plates of L shape and having vertical
and horizontal portions and of suflicient extent to overlie
parts of the side faces of said joist and said rafter; a
horizontal saddle plate connecting upper edges of the hori-
zontal portion of the side plates and extending therebetween
to overlie the upper face of the joist; a second horizontal
saddle plate connecting the side plates at the other end
thereol and extending therebetween to overlie the upper face
of the joist and coplanar with the first mentioned saddle
plate; and a vertically disposed plate adjacent and above the
second saddle plate and extending between and connecting,
the side plates to function as an abutment for the end face of
the rafter, 1s taught.

The truss shoes may be applied and secured to opposite
ends of the joist by bolts or nailing, and thereafter the rafters
may be placed in position and secured by nailing to the
jo1sts. Alternatively, the truss shoes and rafters may all be
assembled on the ground and then hoisted up and placed 1n
position on the wall plates.

Barnett’s design includes no lateral bracing to the wall
and no connection to the wall plate, and 1s primarily made
for a truss connection. As shown, the rafter 1s directly over
the joist. The rafter pitch must be predetermined prior to
truss fabrication, and there 1s no capability to adjust rafter
pitch.

In U.S. Pat. No. 3,967,908 1ssued to Snow, et al. on Jul.
6, 1976, entitled “CROSS TIE SADDLE BRACKET”, a
weld fabricated steel saddle bracket having an elongated
angle member with a portion thereot adapted to abut the side
of the top wall plate of a building and another portion thereof
adapted to lie on the top of the top wall plate and two
identical right angle members having horizontal portions
welded to the top portion of the elongated angle member so
that the side edges thereof are 1n planar alignment with the
side portion of the elongated member and the ends thereof
lie flush with the ends of the elongated member, and the two
identical right angle members having vertical portions pro-
jecting upwardly 1n parallel spaced apart relationship from
the top surface of the top wall plate to form a saddle to
receive the cross tie members and roof raiters of the build-
ing, 1s taught.

Snow’s connector 1s a welded connector having no adjust-
able seat, and the rafter must be cut for a seat to adjust the
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rool pitch. There 1s also no provision for transierring rafter
thrust force to an adjacent joist/tic member.

In U.S. Pat. No. 5,230,198 1ssued to Callies on Jul. 27,
1993, entitled “VARIABLE PITCH CONNECTOR”, a con-
nector for connecting a bearing member, having top, bottom,
and side faces, with an inclined member having top, bottom
and side faces, said connector comprising: a base having a
first edge and means for connecting said base to said bearing
member; a cradle member having a connection end, a free
end, a bottom and a pair of sides extending upwardly at right
angles from said bottom and configured to receive said
inclined member, said cradle member being integrally con-
nected at said connection end to said base along said first
edge and including means for connecting said cradle to said
inclined member; and a separate support member, connected
to said base for supporting said cradle member, 1s taught.

Callies’ connector must be in place prior to placing the
rafter, and requires hammering to force the connector to
adjust 1ts riser seat for required pitch. Further, the connection
1s field bent during hammering. Callies” connector includes
a separate support member which 1s hammered between the
cradle member and the top of the supporting wall plate to
adjust the pitch of the cradle member. This support member
1s wider than the cradle member and therefore projects on
both sides of the rafter, prohibiting flush contact with an
adjacent joist/tie member. Moreover, the cradle member
sides also prohibit the rafter from being flush with the
jo1st/ties, which prevents the proper fastening needed to
transter the rafter thrust load to the joist/ties. In addition, one
end of the cradle member supporting the inclined member
bears on the line edge of the wall plate. Building code
requirements are that the load be transferred to the top of the
wall plate for a mimmum of 114" bearing, which 1s not

possible with Callies’ connector.
In U.S. Pat. No. 35,335,469, 1ssued to Stuart on Aug. 9,

1994, entitled “RAFTER TO PLATE CONNECTION”, a
rafter to plate connection 1n a wood frame building including,
wood top plate, and a wood rafter joined by a vaniable pitch
connector including a rafter seat for receiving a portion of
the wood rafter, a fixed base member aflixed to the outside
edge of the wood top plate, first and second side members
jo1ned to opposite sides of the wood rafter, and an adjustable
base member joined to the rafter seat along a bend line and
having a lower end 1n contact with the upper surface of the
wood top plate, 1s taught. Fasteners join the fixed base
member to the outside edge of the wood top plate, the
adjustable base member to the wood top plate and the wood
rafter to the side members.

Similar to Callies’ connector, Stuart’s connector must be
in place prior to placing the rafter, and requires hammering
to force the connector to adjust its riser seat for required
pitch. Further, the connection 1s field bent during hammer-
ing. As in Callies, the connector first and second side
members prohibit the rafter from being flush with the
jo1st/ties, which prevents the proper fastening needed to
transter the rafter thrust load to the joist/ties. One end of the
rafter seat bears on the line edge of the wall plate, which
does not allow for transier of the vertical load directly to the
top of the wall plate.

The present invention overcomes the disadvantages of the
prior art by providing a heel joint connector that i1s seli-
adjusting to accommodate preset raiter pitches and provides
for a code-required minimum of 1%" bearing between the
bottom of the rafter and the top of the supporting wall plate,
while ftransiferring vertical load through the connector
directly to the top of the supporting wall plate and transier-
ring rafter thrust force to the adjacent joist/tie member,
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completing the structural system. Further, the framing mem-
ber of the connector 1s a guide for a craftsman 1n the field for

proper placement of fasteners as required by the building
code to transier rafter thrust force to an adjacent joist/tie
member, as well as vertical dead and live loads. Further, the
connector provides restraint against wind uplift, as well as
laterally 1n each direction.

Other advantages of the present invention include a
reduction 1n the time required to fabricate each rafter,
including but not limited to, handling, measuring, layout and
omitting a birdsmouth cut in the rafter, as well as eliminating
the need for conventional toe-nailing of the rafter to the
supporting wall plate and field metal bending.

SUMMARY OF THE INVENTION

Bearing 1n mind the problems and deficiencies of the prior
art, 1t 1s therefore an object of the present mmvention to
provide a self-adjusting connector capable of adjoining the
structural components at a heel joint in a building, including
a raiter, joist/tie, and top wall plate, 1n a single connector and
without the need for a conventional birdsmouth cut.

It 1s another object of the present mnvention to provide a
self-adjusting connector which provides for transferring at
least minimum code-required surface area between the bot-
tom of a rafter and top of a supporting wall plate, without
relying on a skilled craftsman to provide an accurate rafter
birdsmouth cut.

It 1s another object of the present invention to provide a
self-adjusting connector which 1s capable of adjusting to a
precise preset raiter pitch setting from 3/12 to 12/12 for full
vertical rafter load transfer through the connector directly to
the top of the supporting wall plate.

A Tfurther object of the mvention 1s to provide a seli-
adjusting connector which provides for increased lateral
structural stability, while also providing lateral restraint in
cach direction and restraint against wind upliit.

It 1s yet another object of the present invention to provide
a self-adjusting connector which reduces the time required
to fabricate each raiter, including but not limited to, han-
dling, measuring, layout and cutting a birdsmouth 1n the
rafter, as well as eliminating the need to bevel the top of the
supporting wall plate.

It 1s still another object of the present invention to provide
a connector having a rotatable support member such that the
connector need not be fabricated opposite hand, so that the
layout of the rafters can butt each other at the ridge and the
connector may be used on either side of the structure simply
by rotating the support member.

It 1s still another object of the present invention to provide
a self-adjusting connector which eliminates all conventional
toe-nailing of the rafter to the supporting wall plate, which
often leads to wood splitting at the bearing surface of the
birdsmouth cut, and eliminates the requirement of field-
bending and/or hammering to set the connector.

It 1s still another object of the present invention to provide
a self-adjusting connector which 1s easily adaptable to repair
rafters at a heel joint of an existing structure.

It 1s still another object of the present invention to provide
a self-adjusting connector with no projecting extended sec-
tions or protrusions that would interfere with placing adja-
cent members flush with each other, including joist/tie
members or other connectors.

It 1s yet another object of the present invention to provide
a self-adjusting connector which may be placed on and
fastened to various materials, including wood, masonry,
concrete or steel, with appropriate fasteners.
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Is 1t yet another object of the present invention to provide
a connector which can serve as a guide for proper placement
of fasteners per code to transfer raiter thrust force to an
adjacent joist/tic member and wall plate, thus eliminating
the need for proper fastener layout on each rafter.

It 1s still yet another object of the present invention to
provide a connector that provides all of the functions noted
herein from within the building structure, thus eliminating
the need for scafiolding on the exterior of the structure
during construction.

Still other objects and advantages of the invention will 1n
part be obvious and will 1n part be apparent from the
specification.

The above and other objects, which will be apparent to
those skilled 1n the art, are achieved 1n the present invention
which 1s directed to a method of securing a heel joint
connecting structural members 1n a building roof structure.
The method comprises providing a heel joint connector
comprising a iframing member having a substantially flat
base surface adapted for securing the framing member to a
top surface of a wall plate, and a vertical leg attached to or
integral with the flat base surface and positioned at approxi-
mately a right angle thereto, the vertical leg adapted for
securing the framing member to a rafter and an adjacent
joist/tie at a heel joint, and a support member rotatably
coupled to the framing member vertical leg and having a
substantially flat surface portion for mating with a bottom
surface of the rafter, wherein the support member 1s freely
rotatable within a predetermined rafter pitch range about an
axis of rotation perpendicular to a longitudinal axis of the
framing member vertical leg. The method further comprises
slideably mserting the heel joint connector between a bottom
surface of a preset rafter and a top surface of a wall plate,
moving the heel joint connector laterally along the wall plate
top surface in the direction of an exterior stud supporting the
wall plate while causing the support member to rotate to a
pitch of the preset rafter until the support member {flat
surface portion fully contacts the rafter bottom surface,
securing the connector framing member to the wall plate top
surface via the framing member flat base surface, securing
the connector framing member vertical leg to the rafter and
an adjacent joist/tie, and securing the support member to the
framing member to prevent further rotation of the support
member with respect to the framing member vertical leg,
thereby securing the heel joint. In an embodiment of the
method, contact between the support member flat surface
portion and the rafter bottom surface as the connector 1s
moved laterally along the wall plate top surface causes the
support member to rotate to the pitch of the preset raiter.

The framing member vertical leg may include a plurality
of through-holes for recerving fasteners to secure the fram-
ing member to the rafter and adjacent joist/tie, wherein the
plurality of through-holes are orniented in a plurality of
angled row lines along the longitudinal axis of the framing
member vertical leg, and the step of securing the connector
framing member vertical leg to the rafter and an adjacent
jo1st/tie may comprise driving fasteners through the framing,
member vertical leg plurality of through-holes into the rafter
and jo1st/tie to secure the heel joint. Each through-hole 1n a
row line 1s spaced a predetermined distance S1 along the row
line, and each row line 1s spaced a predetermined distance
S2 from each adjacent row line, wherein S1 1s not equal to
S2. Each through-hole in a row line 1s further spaced a
predetermined distance S3 1n a vertical dimension, wherein
S3=(S1xsin ), where @ 1s the angle formed between the
row line and a line intersecting the row line and extending,
parallel to a top edge of the framing member vertical leg. In
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an embodiment, D=about 33.69° (equivalent to a pitch of
8/12), and each row line 1s set at a pitch of 8/12. The
through-hole closest to the heel joint 1n a bottom row line 1s
spaced a predetermined distance S4 from a top surface of the
support member flat surface portion when the support mem-
ber flat surface portion 1s rotated to a pitch of 4/12, wherein
S4 1s equal to S2, and each through-hole in a row line 1s
spaced a predetermined distance S5 from an adjacent edge
of the framing member vertical leg.

The framing member flat base surface may include a
plurality of through-holes for receiving fasteners to secure
the framing member to a wall plate top surface, and the step
ol securing the connector framing member to the wall plate
top surface via the framing member flat base surface may
comprise driving fasteners through the framing member flat
base surface plurality of through-holes 1nto the wall plate top
surtace.

In an embodiment, the framing member vertical leg has
no protrusions extending therefrom, and the method further
comprises the steps of positioning adjacent faces of the
rafter and joist/tie flush relative to the other, and driving
fasteners through the framing member vertical leg plurality
of through-holes 1nto the rafter and joist/tie to secure the heel
jo1nt.

In another aspect, the present invention 1s further directed
to a self-adjusting heel joint connector for connecting struc-
tural members 1n building roof structures, comprising a
framing member having a substantially flat base surface
adapted for securing the framing member to a top surface of
a wall plate, and a vertical leg attached to or integral with the
flat base surface and positioned at approximately a right
angle thereto, the vertical leg adapted for securing the
framing member to a rafter and an adjacent joist/tie at a heel
joint; and a support member rotatably coupled to the framing
member vertical leg and having a substantially flat surface
portion for mating with a bottom surface of a raiter preset at
a selected pitch, wherein the support member i1s freely
rotatable about an axis of rotation perpendicular to a longi-
tudinal axis of the framing member vertical leg.

The framing member vertical leg may include a plurality
of through-holes for receiving fasteners to secure the fram-
ing member to the rafter and adjacent joist/tie, wherein the
plurality of through-holes are oriented in a plurality of
angled row lines along the longitudinal axis of the framing
member vertical leg. Each through-hole in a row line 1s
spaced a predetermined distance S1 along the row line, and
cach row line 1s spaced a predetermined distance S2 from
cach adjacent row line, wherein each row line 1s parallel to
cach adjacent row line and wherein S1 1s not equal to S2.
Each through-hole in a row line 1s further spaced a prede-
termined distance S3 in a vertical dimension, wherein S3=
(S1xsin ), where O 1s the angle formed between the row
line and a line intersecting the row line and extending
parallel to a top edge of the framing member vertical leg. In
an embodiment, D=about 33.69° (equivalent to a pitch of
8/12), and each row line 1s set at a pitch of 8/12. The
through-hole closest to the heel joint 1n a bottom row line 1s
spaced a predetermined distance S4 from a top surface of the
support member flat surface portion when the support mem-
ber flat surface portion 1s rotated to a pitch of 4/12, wherein
S4 1s equal to S2, and each through-hole in a row line 1s
spaced a predetermined distance S5 from an adjacent edge
of the framing member vertical leg. All spacing falls within
code requirements.

The framing member flat base surface may also include a
plurality of through-holes for receiving fasteners to secure
the framing member to a wall plate top surface.
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The connector support member 1s self-adjustable to a
preset rafter pitch, such as by slideably inserting the con-

nector between the bottom surface of the rafter and the wall
plate top surface and moving the connector laterally along
the wall plate top surface 1n the direction of an exterior stud
supporting the wall plate until the support member flat
surface portion fully contacts the rafter bottom surface,
wherein contact between the support member flat surface
portion and the rafter bottom surface causes the support
member to rotate to the pitch of the preset raifter.

The framing member vertical leg has no protrusions
extending therefrom, such that the framing member vertical
leg permits the rafter and adjacent joist/tie to be positioned
flush relative to the other for receiving fasteners driven
through the framing member vertical leg into the rafter and
jo1st/tie to secure the heel joint.

The support member and framing member may each be
tabricated from a single sheet of gage steel, formed from
cast steel or formed from forged metal, and each of the
framing member, support member and rotatable coupling
may include a corrosion-preventing protective coating.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel and the
clements characteristic of the mvention are set forth with
particularity 1n the appended claims.

The figures are for 1llustration purposes only and are not
drawn to scale. The invention itself, however, both as to
organization and method of operation, may best be under-
stood by reference to the detailed description which follows
taken in conjunction with the accompanying drawings in
which:

FIG. 1 depicts a heel joint and a conventional birdsmouth
cut or seat 1n a raiter of the prior art;

FIG. 2 depicts a heel joimnt including the self-adjusting
heel joint connector of the present invention;

FIG. 3 depicts a conventional framing layout including
the self-adjusting heel joint connector of the present inven-
tion;

FIG. 4 depicts a magnified view of the heel joint of FIG.
3 including the self-adjusting heel joint connector of the
present ivention;

FIG. 5 depicts a front elevational view of the seli-
adjusting heel joint connector of FI1G. 4, showing the support
member 1n a partially rotated position to mate with a rafter
at a preset pitch and the location of through-holes for proper
positioning of fasteners through the framing member to the
rafter and jo1st;

FIG. 6 depicts a top plan view of the embodiment of the
self-adjusting heel joint connector of the present invention
shown 1n FIG. 5;

FI1G. 7 depicts a perspective view of an embodiment of the
self-adjusting heel joint connector of the present invention;

FIGS. 8-9 depict a front elevational view, and a right side
cross-sectional view, respectively, of the support member of
the self-adjusting heel joint connector of the present inven-
tion;

FIGS. 10-11 depict a front elevational view, and a left side
cross-sectional view, respectively, of the framing member of
the self-adjusting heel joint connector of the present inven-
tion;

FIG. 12 depicts a side elevational view of a heel joint
including the self-adjusting heel joint connector of the
present invention, wherein the heel joint connector 1s slide-
ably inserted between the top of the supporting wall plate
and the bottom of the rafter at two different rafter pitch
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angles. The heel joint connector’s ability to seltf-adjust to a
precise preset rafter pitch 1s depicted, as well as the proper

positioning of fasteners through the framing member and
rafter into the adjacent joist/tic member to transfer rafter
thrust force, as well as vertical dead and live load, including,
restraint against wind uplift and lateral wind loads 1n both
directions;

FIG. 13 depicts a cross-sectional view of a heel joint
including the self-adjusting heel joint connector of the
present invention; and

FIG. 14 depicts a perspective view of the heel joint
including the self-adjusting heel joint connector of the
present invention, as shown in FIG. 13.

DESCRIPTION OF TH.

(L]

EMBODIMENT(S)

In describing the embodiments of the present invention,
reference will be made herein to FIGS. 1-14 of the drawings
in which like numerals refer to like features of the invention.

The present mvention addresses the roof to wall heel
connection 1n modern housing construction, more particu-
larly wood frame construction, and specifically the roof heel
joint (where the roof rafters bear on the supporting wall). It
1s at this connection that dead & live loads, rafter thrust
force, plus wind/hurricane & seismic forces are transierred.

The joint at the intersection of the roof rafter, joist/tie,
blocking, wall plate and wall studs 1s commonly referred to
as the “heel” joint. The heel joint 1s one of the most
significant joints 1n the entire building structure, and repre-
sents the point where the roof’s dead and live loads with
rafter thrust force are combined with wind/hurricane loads,
exposing the heel joint to uplift and overturming forces 1n all
directions. It 1s at this junction that the aforementioned loads
are transierred to the exterior supporting, bracing and shear
walls.

Conventionally, mating an angled rafter securely with the
top wall plate at the heel joint 1s achieved using a birdsmouth
cut or seat 1n the rafter. The standard construction is to notch
the bottom of the rafter with an angular cut to accommodate
the selected root pitch and having toe-nails to connect to the
top wall plate. To assure proper fit, the joint requires a skilled
carpenter for accuracy to layout each rafter and to provide a
cut allowing for full surface contact between the bottom of
the rafter and the top of the supporting wall plate. Further,
“toe-nailing” of the rafter to the supporting wall plate 1s
required, which leads to splitting at the rafter load bearing
surface. These conditions weaken the carrying capacity of
the joint. Also, the birdsmouth cut reduces the cross-sec-
tional area of the rafter. Once the rafter 1s positioned, the
proper fastener positioning 1s leit up to the craftsmen who
would have to measure a layout on each rafter.

The present invention provides a self-adjusting heel joint
connector which provides for full load transfer from the
bottom of a preset rafter to the top of the supporting wall
plate without the need for a conventional birdsmouth cut or
“toe-nailing” of the rafter to the supporting wall plate, or the
measuring of a proper fastener layout on each rafter, which
are generally required 1n the prior art. The present invention
has the capability to self-adjust to the precise preset pitch of
the rafter. The design of the connector 1s such that the
connector can provide for a pitch range of 6/12 to 12/12 (and
the miinite fractions 1n between) for a conventional 2x4 wall
plate, and 3/12 to 12/12 (and the infinite fractions in
between) for a conventional 2x6 wall plate. Further, the
unique design 1s such that the vertical rafter dead and live
loads, as well as the vertical component of the thrust force,
are transierred partly through the framing member vertical
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leg of the connector and partly through the adjacent joist/tie
directly to the top of the supporting wall plate over a uniform
distributed area, while the rafter thrust force is transferred to
the adjacent joist/tiec member, and the wind lateral and uplift
load 1s transferred to the wall plate, providing a complete
structural system.

The self-adjusting heel joint connector of the present
invention mncludes a support member rotatably coupled to a
framing member. The support member 1s freely rotatable
with respect to the framing member about an axis perpen-
dicular to the longitudinal axis of the framing member
within a predetermined rafter pitch range, which allows the
heel joint connector to self-adjust to the precise pitch of the
rafter during the placing process, providing for full surface
contact and direct vertical load transier to the supporting
wall plate. In one method, the heel joint connector 1s slidably
iserted by hand between the bottom of a rafter (which has
already been set 1n position) and the top of a supporting wall
plate, and moved laterally along the top of and perpendicular
to the supporting wall plate 1n the direction of the outside
face of the supporting stud, until fully contacting both the
bottom of the rafter and the top of the supporting wall plate
at the preset rafter pitch.

During placement, the rafter 1s between a vertical leg of
the framing member and an adjacent joist/tie such that the
framing member vertical leg 1s flush with a surface of the
rafter opposite the adjacent joist/tiec and the rafter sits
substantially flush on a top surface of the support member
horizontal leg or mating surface portion. The framing and
support members directly support the rafter vertical load and
tasteners driven through the connector into the rafter and
adjacent joist/tic member provide a single structural unit
with greater lateral stability and the capability to resist and
transier rafter thrust force to the joist/tic member. The width
of the support member mating surface portion may vary to
accommodate the width of the rafter which 1s supported by
the connector and joist/tie and secured to the framing
member. The framing member 1s then secured to the top of
the supporting wall plate and to the rafter and adjacent
jo1st/tie member, respectively, using through-tasteners. The
connector may be fabricated to form a single unit, with the
support member rotatably secured to the framing member,
such as by using a threaded bolt and nut extending through
aligned apertures 1n the support member and framing mem-
ber, respectively, or by way of a shoulder extending from the
support member which 1s fitted within an associated bushing
in the framing member, allowing the support member to
freely rotate during placement. The fastener 1s then tightened
when the connector 1s 1n proper placement and secured to
prevent further rotation.

Fasteners are driven through a plurality of through-holes
in the framing member vertical leg, through the rafter and
into the adjacent joist/tie. All fasteners used to secure the
rafter to the adjacent joist/tic member are placed perpen-
dicular to the framing member vertical leg, which further
increases the heel joint connector’s load capacity. The
framing member 1s also secured by the craftsman to the
supporting wall plate using fasteners driven through a plu-
rality of through-holes 1n a substantially flat base surface of
the framing member. These fasteners provide stability to the
connector of the present invention and provide restraint from
lateral movement and uplift. Preferably, the framing mem-
ber, support member, rotatable coupling, and all fasteners
have a corrosion-preventing protective coating on their
respective surfaces.

Certain terminology 1s used herein for convenience only
and 1s not to be taken as a limitation of the mvention. For
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example, words such as “upper,” “lower,” “left,” “right,”
“horizontal,” “vertical,” “upward,” “downward,” *“clock-
wise,” and “counterclockwise” merely describe the configu-
ration shown 1n the drawings. For purposes of clarity, the
same reference numbers will be used in the drawings to
identily similar elements.

Additionally, 1n the subject description, the word “exem-
plary” 1s used to mean serving as an example, mstance or
illustration. Any aspect or design described herein as “exem-
plary” 1s not necessarily intended to be construed as pre-
terred or advantageous over other aspects or design. Rather,
the use of the word “exemplary” 1s merely intended to
present concepts 1 a concrete fashion.

Retferring now to FIG. 1, a typical heel joint 204 of the
prior art 1s shown, with a birdsmouth cut or seat 202 1n a
rafter 200. Rafter 200 1s positioned at angle o to top wall
plate 220. A birdsmouth cut 202 1s an “L”’-shaped notch with
a horizontal and vertical component sized to it on a top wall
plate 220 (shown here as a double plate), which 1s supported
by exterior stud 222. By virtue of the birdsmouth cut, the
angled rafter has significantly more than a linear contact
with the top wall plate. The surface area of the weight-
bearing contact (the horizontal component of the birdsmouth
cut) 1s extended by the birdsmouth cut. Adjacent jo1st/tie 210
(shown behind rafter 200 for illustrative purposes) extends
laterally from top wall plate 220. At each rafter-jo1st-exterior
stud wall junction, blocking (not shown, for clarity) 1s also
typically attached. The rafter 200 1s fastened to the adjacent
jo1st/tie member 210 using fasteners (not shown) at various
locations, as determined by design and building code and set
by the craitsman 1n the field, and “toe-nailing” of the rafter
and joist/tie to the supporting wall plate 220 1s typically
performed.

FIG. 2 shows a heel joint 204' incorporating the seli-
adjusting heel joint connector 100 of the present invention.
As shown m FIG. 2, and as will be more particularly
described below, heel joint connector 100 1s secured to the
angled rafter 200 and the top of the wall plate 220, such that
the bottom of the rafter 1s 1 contact with a rotatable
supporting member of the self-adjusting heel joint connec-
tor, transferring the vertical load of the rafter partly through
the connector and partly through the joist/tic member 210
directly to the top of the wall plate over a uniform distributed
area, as well as transferring rafter thrust force to the adjacent
jo1st/tie member, through the heel joint connector. Unlike the
heel joint connectors of the prior art, no birdsmouth cut in
the rafter 1s required.

FIG. 3 depicts a conventional roof framing layout, includ-
ing the self-adjusting heel joint connector 100 of the present
invention. For exemplary purposes, FIG. 3 depicts two
conventional roof designs in one building structure. On the
left haltf of the structure i1s an overhanging roof design,
where rafter 200 extends beyond the exterior stud 222 by an
arbitrary, predetermined distance D. Alternatively, a conven-
tional roof framing design may be a flush mounted design,
wherein the rafter does not extend beyond the exterior stud,
as shown on the rnight half of the structure mn FIG. 3.
Normally, etther one design or the other would be used for
a single construction; however, the combination of the two
simultaneously 1n a single structure 1s also possible. Other
rool framing designs may also be accommodated by the
connector of the present invention.

As shown 1n FIG. 3, rafters 200 extend at an angle from
a top wall plate 220, shown here as a double plate, and are
connected at an opposite end by a ridge board or beam 206.
Temporary support 208 supports ridge 206. A rafter thrust
force 26 emanates from the ridge 206 in the direction of the
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top wall plate 220, parallel to the grain of the wood ratter.
Top wall plate 220 1s generally supported by exterior stud
222. Adjacent joists/ties 210 extend horizontally from top
wall plate 220. During placement of rafter 200, an erection
tastener 223 1s placed to tightly secure rafter 200 to joist/tie
210. Joist/tie 210 may be extended 1n length to oflset splice
member 218. Joist/tiec 210 may further be supported by an
interior partition 224, if such support 1s needed. Blocking
216 15 supported perpendicular to the angled rafter 200 in an
overhanging roof design (as in the left half of the structure),
and perpendicular to the joist/tie member 210 1n a flush
mounted design (as 1n the right half of the structure), and 1s
secured between each rafter and joist/tie. As shown 1n FIG.
3, flooring 212 may be installed on top of joist/tie 210, and
structural roof sheathing 214 covers the rafters 200.

FIG. 3 further shows one embodiment of the self-adjust-
ing heel joint connector 100 of the present invention, which
has been slideably imserted and secured at heel joint 204.
Heel joint connector 100 1s designed to attach rafter 200,
joist/tie 210, and top wall plate 220 1n a single, self-adjusting
construction design. As shown, the heel joint connector 100
has been slideably inserted and secured at the heel joint 204
between the bottom of rafter 200 and top wall plate 220 such
that the vertical leg of the framing member of the connector
1s 1n the foreground of FIG. 3 and the connector 1s fastened
to rafter 200 and adjacent joist/tie 210, which 1s on the far
side of rafter 200. Rafters 200 abut each other at ridge 206.

As further shown in FIG. 3, a second self-adjusting heel
joint connector 100 1s slideably inserted and secured at the
heel joint on the opposing side of the building structure,
which 1 FIG. 3 includes a flush mounted design. The
framing member of the heel joint connector of the present
invention 1s capable of being used on the opposite side of the
structure simply by rotating the support member, eliminating
the need of prior heel joint connectors to be fabricated
“opposite hand.” As shown 1n FIG. 3, heel joint connector
100 1s slideably inserted and secured at the opposite heel
joint such that vertical leg of the framing member of the
connector 1s 1n front of rafter 200 and fastened to rafter 200
and adjacent joist/tiec 210, which 1s 1n the background of
FIG. 3 similar to the opposing side of the structure. The
rafter thrust forces 26 at each end of the building structure
are transierred to the adjacent joist/tic members, which are
aligned and connected by splice 218 to cancel out the
opposing tension forces to complete the structural system.
Whereas 1 a conventional framing layout of the prior art,
the joist/tic members may overlap, which prevents the
rafters from directly butting each other at the ndge or causes
the joist/tie to not be parallel to the rafter, causing an
eccentric load. Further, having the heel joint connectors
directly 1n line on both sides of the structure and connected
by a joist/tie splice member 218, as in FIG. 3, eliminates the
need for permanent roof ridge supports, thus allowing for
tull open, unobstructed useable living space and eliminating
the need for providing ridge supports to be extended down
to lower supports.

FIG. 4 shows a magnified view of the heel joint 204 of
FIG. 3, mn which the heel joint connector of the present
invention has been slideably inserted and secured at heel
joint 204 1n the direction of arrow 30. As shown 1n FIG. 4,
the self-adjusting heel joint connector of the present inven-
tion 1mcludes a framing member 110 having a substantially
flat base surface for securing the framing member to a top
surface of a supporting wall plate and a vertical leg 122, and
a support member 120 rotatably secured to the framing
member vertical leg and having a substantially flat mating
surface portion 132 for mating with a bottom surface of the
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rafter 200, the flat surface portion extending in a direction
substantially perpendicular to the framing member vertical
leg. In the embodiment shown, framing member 110 may be
secured to rafter 200 and joist 210 at a precise preset rafter
pitch using fasteners (not shown) driven through a plurality
of through-holes. Support member 120 is freely rotatable
(prior to and during placement) and rotatably secured about
a swivel joint or rotatable coupling 150 to framing member
110 secured to the top of supporting wall plate 220 using
tasteners 10 driven through a plurality of through-holes (not
shown). The vertical leg 122 of the framing member 1s flush
with the surface of the rafter 200 opposite joist/tic member
210, and rafter 200 1s supported from below by the support
member horizontal leg or mating surface portion 132.

Referring now to FIGS. 5-11, collectively, an embodiment
of the self-adjusting heel joint connector of the present
invention 1s shown. FIG. 5 shows a front elevational view of
one embodiment of the self-adjusting heel joint connector of
the present invention. The self-adjusting heel joint connector
includes a support member 120 rotatably secured to a
framing member 110 about an axis of rotation 150. As
shown 1n FIG. 5, axis 150 extends into and out of the page,
perpendicular to the longitudinal axis of the framing mem-
ber. The mdividual components of the self-adjusting heel
joint connector are preferably each fabricated from a flat
section of light gage metal steel, or other solid, bendable
material resilient enough to attach the structural members
for building construction and to withstand enhanced load
forces. Alternatively, each of the support member or framing
member may be fabricated from materials other than light
gage steel, such as cast steel, forged metal or the like, so long
as the separate components are attachable 1n a structurally
sound manner that ultimately performs the function of the
heel joint comnector as claimed. The attachment of the
structural members (rafter, joist/tie, and wall plate) 1s prel-
erably achieved by employing fasteners, such as screws,
nails, bolts and the like, dniven through pre-punched
through-holes 1n the framing member and into the face of the
rafter and the top of the supporting wall plate.

As best seen 1n FIGS. 6-7 and 10-11, framing member 110
has a substantially flat base surface portion 112 for securing,
the framing member to a top surface of a supporting wall
plate. In an embodiment, as shown in FIG. 6, framing

member base surface 112 may have a length LL1 of about 3.0"
and a width W1 of about 2.0".

Referring to FIGS. 6-7, the flat base surface 112 has a
plurality of through-holes 114 allowing for fasteners (not
shown) to be mserted or driven therethrough to secure the
framing member 110 to a supporting wall plate (not shown).
The framing member may be placed and fastened to various
materials, including wood, masonry, concrete, steel and the
like. Preferably, the fasteners may be nails, screws, bolts or
other similar fastening means, but may be any type of
appropriate fastener to mate with the type ol material
comprising the top supporting wall plate. The number of
through-holes required to secure the framing member 110 to
a top surface of the supporting wall plate 1s shown as seven,
for 1llustrative purposes only. Those skilled 1n the art should
appreciate that the size, quantity and placement of fasteners
(and corresponding through-holes) 1s design-dependent to
ensure for maximum securing strength while minimizing
lateral movement or racking, and the present invention 1s not
limited to the size, number or location of through-hole
placement, as shown.

In one embodiment, as shown 1n FIG. 7, support member
120 has a vertical leg 134 and a flat surface portion 132,
which 1s attached to or integral with vertical leg 134 and
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extends 1n a direction perpendicular to framing member
vertical leg 122 when rotatably secured thereto about axis
150. A rafter (not shown) may be fit between the vertical leg
of the framing member and adjacent joist/tie and the flat
mating surface portion of the support member 120 such that
the bottom of the rafter i1s substantially flush with and
supported by the flat surface portion 132 and framing
member vertical leg 122 1s substantially flush with the
surface of the rafter opposite an adjacent joist/tic member.
As shown 1n FIGS. 8-9, support member flat surface portion
132 has length L2 and width W2, and the width W2 1s
approximately equal to the width of a 2x_, for example a
conventional 2x4 or 2x6. In an embodiment, mating surface
portion length L2 may be about 2.0" and width W2 may be
about 1.5". The width W2 of surface portion 132 may vary
in accordance with the width of the rafter(s) which 1t
supports. Alternatively, multiple rafters may also be sup-
ported by one framing member, wherein the rafters are
positioned adjacent and flush with each other. In other
embodiments, support member 120 may be fabricated by
casting with a threaded pin as part of the casting instead of,
for example, a separate threaded bolt and nut used to
rotatably secure the support member to the framing member.

Referring again to FIG. 5, support member 120 1s freely
rotatable about joint or axis 150 with respect to the framing
member 110 i the direction of arrow 20, within a prede-
termined rafter pitch range. The axis of rotation 150 of
support member 120 1s perpendicular to the longitudinal axis
of the framing member vertical leg 122. This allows the heel
joint connector to self-adjust to the precise pitch of the rafter
during the placing process, providing for full surface contact
and load transfer. In one or more embodiments, as shown 1n
FIGS. 5-7 and 13, joint or axis 150 comprises a rotatable
coupling such as a threaded pin or bolt and nut extending
through aligned apertures 152, 154 1n the support member
vertical leg 134 and framing member vertical leg 122,
respectively, which secures the support member to the
framing member and allows for rotation of the support
member with respect to the framing member about an axis
perpendicular to the longitudinal axis of the framing mem-
ber. In other embodiments, support member 120 may
include a shoulder extending therefrom which 1s fitted
within an associated bushing 1n framing member 110, which
allows for rotation of the support member 1n either direction
during placement. In at least one embodiment, the axis of
rotation of the support member, shown i FIGS. 5-7 and
12-13 represented by a threaded pin or bolt and nut, 1s
positioned about 0.73" from the top of the wall plate (1.e., the
bottom of the joist), and about 0.625" from the bottom of the
rafter, when the connector 1s secured at the heel joint. The
design of the heel joint connector 1s such that the connector
can provide for a pitch range of 6/12 to 12/12 (and the
infinite fractions in between) for a conventional 2x4 wall
plate, and 3/12 to 12/12 (and the infinite fractions in
between) for a conventional 2x6 wall plate.

As further shown 1n FIG. 5, framing member vertical leg
122 has a plurality of through-holes 124 allowing for
fasteners to be mserted or driven therethrough to secure the
framing member 110 to a rafter and an adjacent joist/tie
member. The number of through-holes required to secure the
framing member to the rafter and joist/tie 1s shown as
thirteen for illustrative purposes only, as the number of
tasteners (and corresponding through-holes) needed may be
more or less than thirteen, based upon the rafter thrust force
and vertical dead and live load. The through-holes 124 are
turther shown 1 FIG. 5 as being exaggerated in size, for
clarty.
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The size, placement and spacing of the fasteners 1s crucial
for providing the full intent of the heel joint connector of the
present invention, which includes allowing for the rafter
thrust force and vertical dead and live load, as well as lateral
loads, to be transierred to the adjacent joist/tie member, and
provides for restraint against wind uplitt. Presently, building
codes provide information and tables stating the require-
ments for fastener size, layout, spacing, edge and end
distance for given fastener sizes. It i1s then left to the
craftsman 1n the field to interpret these requirements for each
design loading condition, which leaves open the possibility
of craftsman error and results 1n non-uniformity of position-
ing and spacing of fasteners and leads to splitting of the
rafter, and further effects the required capacity to transier
thrust load.

To avoid this potential problem, advantageously, the
self-adjusting heel joint connector of the present invention
includes a plurality of through-holes which are pre-sized,
pre-positioned and spaced on the framing member vertical
leg so that as the connector support member rotates about the
swivel joint to self-adjust to the precise preset rafter pitch
during placement of the connector, the position of the
through-holes (and thereafter, the location of the fasteners)
will correspondingly be positioned to be perpendicular to the
rafter thrust force (1.e. perpendicular to the grain of the
wood) and the tension force 1n the joist/tie member, to allow
for transier of the thrust force to the adjacent joist/tie
member when fasteners are driven therethrough. This results
in a time savings 1n the field and, more so, prevents possible
misinterpretation and layout errors by the craftsman.

The framing member of the heel joint connector thus may
be used as a guide for the craftsman 1n the field for proper
fastener placement to transier the rafter thrust force to the
jo1st/tie member, 1n accordance with building code require-
ments. As shown 1n FIG. 5, the vertical leg 122 of framing
member 110 may be fabricated to include a plurality of
pre-punched through-holes 124.

The size, spacing and position of each through-hole 124
are such that as the rafter pitch varies, the compression and
tension forces on the fasteners remain perpendicular to the
wood grain in both the rafter and the adjacent joist/tie
member and the pre-designed load capacity 1s achieved. As
shown 1n FIG. 5, the plurality of pre-punched through-holes
124 are oriented 1n a plurality of angled row lines 160 along
a longitudinal axis of the framing member vertical leg 122.
In an embodiment of the present invention, framing member
vertical leg 122 has a height or vertical dimension of about
6.0" and a width of about 2.0". As depicted 1n FIG. 5, each
through-hole 124 1s spaced a predetermined distance SI
from the adjacent through-hole 124 in the same row line
160, and each row line 1s parallel to its adjacent row line(s)
and angled with respect to the longitudinal axis of the
vertical leg 122. Each row line 160 1s spaced a predeter-
mined distance S2 from 1ts adjacent row line(s), wherein S1
1s not equal to S2. As shown in FIG. §, S1 1s equal to about
1.44" and S2 1s equal to about 0.65". The distance S3 1n the
vertical dimension between adjacent through-holes 124
along a row line 160 1s equal to S1 multiplied by sin(&3),
where O represents the angle formed between row line 160
and a phantom line 1ntersecting row line 160 and extending
parallel to a top edge of vertical leg 122. In an exemplary
embodiment, J=about 33.69° (equivalent to a pitch of 8/12),
wherein each row line 160 1s set at a pitch of about 8/12. As
shown 1n FIG. 5, 83 15 equal to about 0.8". As further shown
in FI1G. §, the through-hole 124 closest to the heel joint (as
oriented 1 FIG. 12) in bottom row line 160 1s spaced a
predetermined distance S4 from the top edge 127 of support
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member flat surface portion 132 when support member 120
1s at a pitch of 4/12. In an embodiment of the present
invention, as shown in FIG. 5, S4 1s equal to S2, or about
0.635". As further shown in FIG. 5, each through-hole 124 1n
cach row line 160 1s spaced a predetermined distance S5
from the adjacent side edge 129 of vertical leg 122, such that
when the connector 1s positioned by the craftsman in the
field, the through-hole 124 that 1s closest to the end 211 of
the joist (FIG. 12) would be 1 accordance with design
requirements. As shown in FIG. §, S5 1s equal to about 0.4".
It should be understood by those skilled in the art that
distances S1 through S5 are shown with the above spacing
and dimensions for exemplary purposes only for a conven-
tional 2x4 or 2x6, and that in other embodiments the spacing,
and dimensions may differ depending on the dimensions of
the wood frame structural members being used to form the
heel joint.

As the framing member vertical leg 122 is positioned by
the craftsman against the face 201 of the rafter at the precise
preset rafter pitch (such as rafter 200 set at any pitch
between 4/12 and 12/12, as shown 1n FIG. 12), the position
of the through-holes 124 (and thereafter, the location of the
tasteners) will be positioned perpendicular to the rafter
thrust force 26 (1.e. perpendicular to the grain of the wood)
and the tension force in the joist/tie member 210, to allow for
transfer of the thrust force 26 to the adjacent joist/tie
member 210 when fasteners are driven therethrough. Those
skilled 1n the art should appreciate that the size and spacing
of the through-holes will vary based upon the type and size
of fastener used, as required for a range of designed load
capacities.

This important interface at the heel joint (fastener size,
spacing and placement) 1s often not given the attention that
1s warranted in the field by the craftsman. This 1s partly due
to the required code interpretation for each case and the
actual time required for proper layout of fasteners at each
rafter. Having proper fastener size, spacing and layout
designated by pre-punched through-holes 1n the vertical leg
of the framing member 1s a feature unique to the seli-
adjusting heel joint connector of the present invention,
which will prevent possible misinterpretation and layout
errors by the craftsman, while allowing for transfer of the
thrust force to the adjacent joist/tie member. FIG. 12 depicts
a side view of a heel joint including the self-adjusting heel
joint connector of the present invention, wherein a heel joint
connector 1s slideably inserted between the top of the
supporting wall plate and the bottom of the rafter at two
different pitch angles. The heel joint connector’s ability to
self-adjust to a precise rafter pitch angle during placement 1s
depicted. As shown in FI1G. 12, joist/tie 210 1s perpendicular
to the top of supporting wall plate 220 and rafter 200 1s
preset at a selected pitch. For the connector on the left side
of FIG. 12, rafter 200 1s set at a pitch of 4/12, whereas for
the connector on the rnight side of FIG. 12, rafter 200 1s set
at a pitch of 12/12. Heel joint connector 100 has been
slideably inserted between the bottom surface 203 of rafter
200 and the top surface 221 of supporting wall plate 220, and
moved laterally along the top of the supporting wall plate
220 1n the direction of the outside face 250 of the exterior
stud (as shown from left to nght in FIG. 12) until fully
contacting both the bottom surface 203 of rafter 200 and the
top surface 221 of supporting wall plate 220.

As the support member mating surface portion 132 comes
into contact with the bottom surface 203 of rafter 200 during
placement, the support member 120 rotates about swivel
joint or coupling 150 to seli-adjust to the precise rafter pitch,
enabling the bottom surface 203 of rafter 200 to remain
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substantially flush with the top surface of support member
mating surface 132, while the framing member vertical leg
122 remains flush with the face of rafter 200. Once the
connector 1s properly positioned at the heel joint, the con-
nector framing member may then be secured by the crafts-
men to the top surface 221 of the wall plate 220 via the
framing member base surface 112 and also to the rafter 200
and adjacent joist/tic member 210 through the framing
member vertical leg 122, and the rotatable coupling 1350
between framing member vertical leg 122 and support
member 120 may be tightened to prevent further rotation of
the support member with respect to the framing member,
such as by rotating a nut onto a threaded pin or bolt, as
shown 1n FIG. 13. The flush contact between the rafter 200
and the vertical and horizontal legs 122, 132 of the connec-
tor allows for transter of the vertical rafter load partly
through the connector and partly through the jo1st/tic mem-
ber directly to the top 221 of the supporting wall plate 220
over a uniform distributed area, while transierring the rafter
thrust force 26 to the adjacent joist/tic member 210, as well
as vertical dead and live loads, completing the structural
system.

As turther shown 1 FIG. 12, heel joint connector 100 1s
capable of self-adjusting to any precise rafter pitch. As the
connector support member 120 rotates about axis 150 to
self-adjust to the precise preset rafter pitch, such as adjusting,
between a pitch of 4/12 (bottom 203 of rafter) to a pitch of
12/12 (bottom 203" of rafter), as depicted in FIG. 12, the
position of the through-holes 124 (and thereatter, the loca-
tion of the fasteners) will correspondingly be positioned to
be perpendicular to the rafter thrust force (1.e. perpendicular
to the grain of the wood), to allow for transier of the thrust
force to the adjacent joi1st/tic member 210 when fasteners are
driven therethrough. The heel joint connector of the present
invention 1s shown 1 FIG. 12 at 1its two extreme positions
on a conventional 2x6 wall plate, for exemplary purposes
only, and 1t should be understood that the connector may
self-adjust to accommodate any precise pre-set raiter pitch
between the extreme positions.

FIG. 13 depicts a cross-sectional view of a typical heel
jomt including the self-adjusting heel joint connector of the
present invention secured therein. As shown in FIG. 13,
framing member 110 1s secured to top wall plate 220 (shown
here as a double plate) by way of fasteners 10 driven through
a plurality of through-holes (not shown) in flat base surface
112. Support member 120 1s rotatably secured to framing
member 110 about axis 150, which i1s offset from flat base
surface 112 by a predetermined distance. Framing member
110 1s secured to angled rafter 200 at a preset rafter pitch by
fasteners 10 inserted through properly-positioned through-
holes (not shown) in framing member vertical leg 122,
which 1s flush against the surface of rafter 200 opposite
joist/tie 210. The fasteners 10 protrude through leg 122 and
rafter 200 and adjacent joist/tie 210, which extends laterally
above and parallel to top wall plate 220. Rafter 200 sits
substantially flush against framing member vertical leg 122
and the top surface of support member mating surface 132.

FIG. 14 shows a perspective view of the heel joint
including the self-adjusting heel joint connector of the
present mvention secured therein, as shown in FIG. 13. As
shown 1n FIG. 13, and more particularly shown 1 FIG. 14,
the connector of the present mnvention enables angled rafter
200 to remain flush against the surface of adjacent joist/tie
210 after placement, while transferring full vertical rafter
load partly through vertical leg 122 of framing member of
the connector and partly through the adjacent joist/tic mem-
ber 210 directly to the top of the supporting wall plate over
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a uniform distributed area and providing increased lateral
structural stability. In that the connector of the present
invention has no protrusions or projections extending
between the rafter and the adjacent joist/tic member, the
connector allows the rafter 200 to be placed flush against the
joist/tiec member 210 for full surface contact, such that the
tasteners are capable of providing full capacity for load
transfer. Moreover, the flush contact between the ratter 200
and jo1st/tie 210 allows for complete transier of the rafter
thrust force to the joist/tie, as required to complete the
structural system, as shown in FIG. 3.

The connector of the present invention 1s set 1n place by
hand to 1ts contact surfaces, and, due to the connector’s
ability to self-adjust to a precise preset raiter pitch, requires
no hammering and field metal bending to acquire full
surface contact with the bottom of the rafter and top of the
supporting wall plate. Moreover, there are no marks needed
to be stamped on the connector to provide the selected pitch
required: it 1s seli-setting and placed after the rafter has
already been set 1n place by the craftsman to his selected
pitch.

The present invention 1s adaptable to accommodate vari-
ous sizes of rafters, joist/tic members, wall plates, studs and
sheathing, and 1s not limited to any particular dimensions for
these structural components. The self-adjusting heel joint
connector 1s designed to provide a direct load path transfer
through each structural member.

Due to 1ts stmplicity, size and shape, the connector of the
present invention can be readily used with other connectors,
such as those used for additional tie-down capacity. The
present invention 1s further adaptable for retrofitting to
existing structures and may be used to repair a heel joint of
an existing construction.

Thus the present invention achieves one or more of the
following advantages. The present invention provides a
self-adjusting connector capable of connecting the structural
components at a heel joint 1n a building structure, including
a rafter, joist/tie, and top wall plate, 1n a single connector and
without the need for a conventional birdsmouth cut 1n the
rafter. The connector provides for transferring at least mini-
mum code-required surface area between the bottom of a
rafter and top of a supporting wall plate, without relying on
a skilled craftsman to provide an accurate rafter birdsmouth
cut, and eliminates all conventional toe-nailing of the rafter
to the supporting wall plate. The connector has no projecting
extended sections or protrusions that would interfere with
placing adjacent members flush with each other, including
joist/tiec members or other connectors. The connector 1s
capable of self-adjusting to a precise preset rafter pitch
setting for full vertical rafter load transfer, restraint against
wind uplift, and lateral loads 1n each direction, through the
connector directly to the top of the supporting wall plate and
provides for increased lateral structural stability. The con-
nector further serves as a guide for proper placement of
fasteners per code to transier rafter thrust force to an
adjacent joist/tie member.

While the present invention has been particularly
described, in conjunction with specific embodiments, 1t 1s
evident that many alternatives, modifications and variations
will be apparent to those skilled 1n the art in light of the
foregoing description. It 1s therefore contemplated that the
appended claims will embrace any such alternatives, modi-
fications and variations as falling within the true scope and
spirit of the present invention.

Thus, having described the invention, what 1s claimed 1s:

1. A method of securing a heel joint connecting structural
members 1 a building roof structure, comprising:
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providing a heel joint connector comprising a framing

member having a substantially flat base surface and a

vertical leg, the flat base surface adapted for securing

the framing member to a top surface of a wall plate, the
vertical leg attached to or integral with the flat base
surface and positioned at approximately a right angle
thereto, the vertical leg adapted for securing the fram-
ing member to a rafter and an adjacent joist/tie at a heel
joint; and a support member rotatably coupled to the
framing member vertical leg and having a substantially
flat surface portion for mating with a bottom surface of
the rafter, wherein the support member 1s freely rotat-
able within a predetermined rafter pitch range about an
ax1is of rotation perpendicular to a longitudinal axis of

the framing member vertical leg;

slideably inserting the heel joint connector between a

bottom surface of a preset rafter and a top surface of a
wall plate;

moving the heel joint connector laterally along the wall

plate top surface in the direction of an exterior stud
supporting the wall plate while causing the support
member to rotate to a pitch of the preset rafter until the
support member flat surface portion fully contacts the
rafter bottom surface;

securing the connector framing member to the wall plate

top surface via the framing member flat base surface;
securing the connector framing member vertical leg to the
rafter and an adjacent joist/tie; and

securing the support member to the framing member to

prevent further rotation of the support member with
respect to the framing member vertical leg, thereby
securing the heel joint.

2. The method of claim 1 wherein the framing member
vertical leg includes a plurality of through-holes for receiv-
ing fasteners to secure the framing member to the rafter and
adjacent joist/tie, the plurality of through-holes oriented 1n a
plurality of angled row lines along the longitudinal axis of
the framing member vertical leg, and wherein the step of
securing the connector framing member vertical leg to the
rafter and an adjacent joist/tie comprises:

driving fasteners through the framing member vertical leg

plurality of through-holes and through the rafter and
jo1st/tie.

3. The method of claim 2 wherein each through-hole 1n a
row line 1s spaced a predetermined distance S1 along the row

line, and each row line i1s spaced a predetermined distance
S2 from each adjacent row line, wherein S1 1s not equal to
S2.

4. The method of claim 2 wherein each through-hole 1n a
row line 1s spaced a predetermined distance S3 in a vertical
dimension, wherein S3=(S1xsin J), where ) 1s an angle
formed between the row line and a line intersecting the row
line and extending parallel to a top edge of the framing
member vertical leg.

5. The method of claim 3 wherein the through-hole closest
to the heel joint 1n a bottom row line 1s spaced a predeter-
mined distance S4 from a top surface of the support member
flat surface portion when the support member flat surface
portion 1s rotated to a pitch of 4/12, wherein S4 1s equal to
S2.

6. The method of claim 2 wherein each through-hole in a
row line 1s spaced a predetermined distance S5 from an
adjacent edge of the framing member vertical leg.

7. The method of claim 1 wherein contact between the
support member flat surface portion and the rafter bottom
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surface as the connector 1s moved laterally along the wall
plate top surface causes the support member to rotate to the
pitch of the preset rafter.

8. The method of claim 1 wherein the framing member flat
base surface includes a plurality of through-holes for receiv-
ing fasteners to secure the framing member to a wall plate
top surface, wherein the step of securing the connector
framing member to the wall plate top surface via the framing
member tlat base surface comprises:

driving fasteners through the framing member flat base

surface plurality of through-holes into the wall plate top
surface.

9. The method of claim 2 wherein the framing member
vertical leg has no protrusions extending therefrom, and

turther comprising the steps of:

positioning adjacent faces of the rafter and joist/tie flush

relative to the other; and

driving fasteners through the framing member vertical leg

plurality of through-holes into the rafter and joist/tie to
secure the heel joint.

10. The method of claim 1 wherein the support member
and framing member are each fabricated from a single sheet
of gage steel, formed from cast steel or formed from forged
metal, and wherein each of the framing member, support
member and rotatable coupling includes a corrosion-pre-
venting protective coating.

11. A self-adjusting heel joint connector for connecting
structural members 1n building roof structures, comprising:

a framing member having a substantially flat base surface

and a vertical leg, the flat base surface adapted for
securing the framing member to a top surface of a wall
plate, the vertical leg attached to or integral with the flat
base surface and positioned at approximately a right
angle thereto, the vertical leg including a plurality of
through-holes for recerving {fasteners to secure the
framing member to a rafter and an adjacent joist/tie at
a heel joint, the plurality of through-holes oriented 1n a
plurality of angled row lines along a longitudinal axis
of the framing member vertical leg; and

a support member rotatably coupled to the framing mem-

ber vertical leg and having a substantially flat surface
portion for mating with a bottom surface of a rafter
preset at a selected pitch, the support member freely
rotatable about an axis of rotation perpendicular to the
longitudinal axis of the framing member vertical leg.
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12. The connector of claim 11 wherein each through-hole
in a row line 1s spaced a predetermined distance S1 along the
row line, and each row line 1s spaced a predetermined
distance S2 from each adjacent row line, wherein S1 1s not
equal to S2.

13. The connector of claim 11 wherein each through-hole
in a row line 1s spaced a predetermined distance S3 in a
vertical dimension, wherein S3=(S1xsin J), where O 1s an
angle formed between the row line and a line intersecting the
row line and extending parallel to a top edge of the framing

member vertical leg.
14. The connector of claim 12 wherein the through-hole

closest to the heel joint 1n a bottom row line 1s spaced a
predetermined distance S4 from a top surface of the support
member flat surface portion when the support member flat
surface portion 1s rotated to a pitch of 4/12, wherein S4 1s
equal to S2.

15. The connector of claim 11 wherein each through-hole
in a row line 1s spaced a predetermined distance S35 from an
adjacent edge of the framing member vertical leg.

16. The connector of claim 11 wherein the support mem-
ber 1s selt-adjustable to a preset rafter pitch as the heel joint
connector 1s slideably inserted between the bottom surface
of the rafter and the wall plate top surface and moved
laterally along the wall plate top surface in the direction of
an exterior stud supporting the wall plate until the support
member flat surface portion fully contacts the rafter bottom
surface.

17. The connector of claam 11 wherein the framing
member flat base surface includes a plurality of through-
holes for receiving fasteners to secure the framing member
to a wall plate top surface.

18. The connector of claam 11 wherein the framing
member vertical leg has no protrusions extending therefrom,
the framing member vertical leg permitting the rafter and
adjacent joist/tie to be positioned flush relative to the other
for recerving fasteners driven through the framing member
vertical leg into the rafter and joist/tie to secure the heel
joint.

19. The connector of claim 11 wherein the support mem-
ber and framing member are each fabricated from a single
sheet of gage steel, formed from cast steel or formed from
forged metal, and wherein each of the framing member,
support member and rotatable coupling includes a corrosion-
preventing protective coating.
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